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Experimental section
All reagents and solvents were commercial grade and purified prior to use when necessary. Flash column chromatography was performed using Sorbent Technologies 40-63 mm, pore size 60 Å silica gel with solvent systems indicated. Analytical thin layer column chromatography was performed using Sorbent Technologies 250 mm glass-backed UV254 silica gel plates, and were visualized by fluorescence upon 250 nm radiation and/or the by use of ceric ammonium molybdate, ninhydrin, or potassium permanganate. Solvent removal was effected by rotary evaporation under vacuum (~ 25-40 mm Hg). All extracts were dried with sodium sulfate unless otherwise noted.
Nuclear magnetic resonance spectra (NMR) were acquired on a Bruker AV-400 (400 MHz), Bruker DRX-500 (500 MHz), or Bruker AV II-600 (600 MHz) instrument. Chemical shifts are measured relative to residual solvent peaks as an internal standard (CHCl3 at 7.26 ppm in 1 H NMR, 77.16 ppm in 13 C NMR), unless otherwise specified. Mass spectra were recorded on a Thermo Electron Corporation MAT 95XP-Trap mass spectrometer by use of the ionization method noted by the Indiana University Mass Spectrometry Facility. IR spectra were recorded on a Nicolet Avatar 360 spectrophotometer and are reported in wavenumbers (cm -1 ) as neat films on a NaCl plate (transmission). Melting points were obtained using an OptiMelt automated melting point system (Stanford Research Systems). Optical rotations were measured on a Perkin Elmer-341 polarimeter.
General Procedure for the Synthesis of Fused Triazole
To a vigorously stirred mixture of α-bromo nitroalkane (0.50 mmol), heteroaryl hydrazine (0.60 mmol, 1.2 equiv), potassium iodide (1.0 mmol, 2.0 equiv) and potassium carbonate (1.0 mmol, 2.0 equiv) in 1,2-dimethoxyethane (5.0 mL) was added a solution of urea-hydrogen peroxide in 4:1 1,2-dimethoxyethane-water (0.50 M solution, 1.0 mL, 0.50 mmol, 1.0 equiv) over 2 h by syringe pump at room temperature. After the addition was complete, the mixture was stirred for an additional 4 h. Aqueous sodium thiosulfate was then added and the mixture was extracted with ethyl acetate. The combined organic layers were washed with brine, dried over sodium sulfate, and concentrated in vacuo. The residue was purified by flash column chromatography to give pure fused triazole.
3-(4-Chlorobenzyl)-[1,2,4]triazolo[4,3-a]pyridine (9a).
Following the general procedure, the α-bromo nitroalkane (53 mg, 0.20 mmol) and 2-hydrazinopyridine (26 mg, 0.24 mmol) provided the fused triazole after flash column chromatography (silica gel, 0-20% methanol in ethyl acetate) as a colorless solid (28 mg, 57% yield). Mp 170-173 °C (recrystallized from ethyl acetate); Rf = 0.30 (10% methanol/ethyl acetate); IR (film) 3043, 1494, 1428, 1391, 1344, 1092, 778 cm -1 ; 1 H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 9.4 Hz, 1H), 7.68 (d, J = 6.8 Hz, 1H), 7.29-7.27 (m, 2H), 7.22 (dd, J = 9.4, 6.8 Hz, 1H), 7.18-7.16 (m, 2H), 6.75 (t, J = 6.8 Hz, 1H), 4.52 (s, 2H); 13 C NMR (100 MHz, CDCl3) ppm 150.3, 144.8, 133.4, 133.1, 129.7, 129.2, 126.9, 122.0, 116.7, 113.9, 30.7 ; HRMS (ESI): Exact mass calcd for C13H11ClN3 [M+H] + 244.0642, found 244.0640. 7, 146.3, 133.8, 132.3, 129.8, 129.4, 122 .9 (q, J = 2.1 Hz), 122.7 (q, J = 271.7 Hz), 121.5 (q, J = 5.9 Hz), 118.5 (q, J = 34.6 Hz), 117.9, 30.5; HRMS (ESI): Exact mass calcd for C14H10ClF3N3 [M+H] + 312.0515, found 312.0506. 152.3, 146.2, 135.7, 132.8, 129.7, 128.9, 127.6, 125.2, 115.6, 114.9, 33 145.9, 145.8, 144.9, 133.9, 132.2, 129.9, 129.8, 129.5, 114.8, 30.6 ; HRMS (ESI): Exact mass calcd for C12H10ClN4 [M+H] + 245.0594, found 245.0603.
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3-(4-Chlorobenzyl)-6-(trifluoromethyl)-[1,2,4]triazolo[4,3-a]pyridine (9b
5-Chloro
8-Chloro-3-(4-chlorobenzyl)-[1,2,4]triazolo[4,3-a]pyrazine (9e).
Following the general procedure, the α-bromo nitroalkane (110 mg, 0.40 mmol) and 2-chloro-3-hydrazinopyrazine (69 mg, 0.50 mmol) provided the fused triazole after flash column chromatography (silica gel, 50-100% ethyl acetate in hexanes) as a colorless solid (54 mg, 48% yield). Mp 154-157 °C (recrystallized from ethyl acetate/hexanes); Rf = 0.43 (100% SI1-4 ethyl acetate); IR (film) 3095, 1611, 1474, 1384, 1281, 1091, 955, 774 
3-(4-Chlorobenzyl)-5-phenylthiazolo[2,3-c][1,2,4]triazole (9f).
Following the general procedure, the α-bromo nitroalkane (53 mg, 0.20 mmol) and 2-hydrazino-4-phenylthiazole (46 mg, 0.24 mmol) provided the fused triazole after flash column chromatography (silica gel, 50-100% ethyl acetate in hexanes) as a colorless solid (34 mg, 52% yield). Mp 224-227 °C (recrystallized from diethyl ether); Rf = 0.30 (100% ethyl acetate); IR (film) 3032, 1469, 1174, 1090, 1017, 816, 766, 701 cm -1 ; 1 H NMR (400 MHz, CDCl3) δ 7.53 (t, J = 7.5 Hz, 1H), 7.44-7.40 (m, 2H), 7.24-7.22 (m, 2H), 7.04-7.02 (m, 2H), 6.67 (s, 1H), 6.50-6.48 (m, 2H), 4.04 (s, 2H); 13 C NMR (100 MHz, CDCl3) ppm 158. 4, 146.6, 133.9, 132.6, 130.9, 130.4, 129.6, 129.4, 128.9, 128.5, 128.3, 114.2, 31.4 ; HRMS (ESI): Exact mass calcd for C17H13ClN3S [M+H] + 326.0519, found 326.0517. 13 C NMR (100 MHz, CDCl3) ppm 156.4, 147.6, 133.5, 133.2, 132.6, 129.7, 129.6 129.4, 126.8, 126.3, 124.9, 114.0, 32.0 
3-(4-
; HRMS (ESI):
Exact mass calcd for C15H11ClSN3 [M+H] + 300.0362, found 300.0355. NMR (100 MHz, CDCl3) ppm 163.5, 153.5, 144.4, 134.0, 132.9, 132.1, 129.9, 129.6, 125.2, 123.1, 114.1, 113 2, 155.3, 146.9, 134.8, 134.6, 133.4, 131.5, 130.3, 111.7, 30.9 ; HRMS (ESI): Exact mass calcd for C12H10ClN4 [M+H] + 245.0594, found 245.0588. 148.9, 143.0, 133.4, 133.3, 130.6, 129.0, 126.5, 122.3, 29.8 3321, 2978, 1694, 1511, 1366, 1251, 1167, 1037, 913, 863, 743 cm -1 ; 1 H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 6.8 Hz, 1H), 7.77 (ddd, J = 9.2, 1.1, 1.1 Hz, 1H), 7.29-7.25 (m, 3H), 7.21-7.17 (m, 3H), 6.82 (ddd, J = 6.8, 6.8, 1.1 Hz, 1H), 5.26-5.20 (m, 1H), 5.02 (d, J = 9.6 Hz, 1H), 2.85-2.80 (m, 2H), 2.65 (dddd, J = 14.4, 7.6, 7.6, 7.6 Hz, 1H), 2.50 (dddd, J = 14.4, 7.9, 7.9, 7.9 Hz, 1H), 1.44 (s, 9H); 13 C NMR (100 MHz, CDCl3) ppm 155.7, 150.3, 147.3, 140.7, 128.6 (2C), 127.3, 126.3, 123.2, 116.4, 113.8, 80.5, 44.8, 35.0, 32.1, 28.4 
7-Chloro
6-Chloro
tert-Butyl (R)-(1-([1,2,4]triazolo[4,3-a]pyrazin-3-yl)-3-phenylpropyl)carbamate (13).
Following the general procedure, the α-bromo nitroalkane (190 mg, 0.50 mmol) and 2-hydrazinopyradine (66 mg, 0.60 mmol) provided the fused triazole after flash column chromatography (silica gel, 50-100% ethyl acetate in hexanes) as a colorless foam (110 mg, 61% yield 2, 147.0, 145.9, 144.7, 135.4, 135.0, 130.2, 129.5, 129.1, 115.3, 81.1, 49.8, 28.4 ; HRMS (ESI): Exact mass calcd for C17H18ClN5NaO2 [M+Na] + 382.1047, found 382.1046.
tert-Butyl (R)-([1,2,4]triazolo[4,3-a]pyrazin-3-yl(4-chlorophenyl)methyl)carbamate (14)
.
tert-Butyl (R)-([1,2,4]triazolo[4,3-a]pyrazin-3-yl(4-chlorophenyl)methyl)carbamate (15).
Following the general procedure, the α-bromo nitroalkane (210 mg, 0.50 mmol) and 2-hydrazinopyrazine (66 mg, 0.60 mmol) provided the fused triazole after flash column chromatography (silica gel, 30-90% ethyl acetate in hexanes) as a viscous colorless oil (150 mg, 76% yield). Rf = 0.35 (100% ethyl acetate); [] 20 D 16.1 (c 1.0, CHCl3); IR (film) 3295, 2981, 1699, 1506, 1363, 1265, 1168, 1039, 905, 733 cm -1 ; 1 H NMR (400 MHz, CDCl3) δ 9.35 (s, 1H), 7.91 (d, J = 4.5 Hz, 1H), 7.86 (d, J = 4.5 Hz, 1H), 7.56 (br s, 1H), 7.46 (d, J = 7.8 Hz, 1H), 7.32 (d, J = 7.8 Hz, 1H), 7.22 (t, J = 7.8 Hz, 1H), 6.38 (d, J = 7.8 Hz, 1H), 6.23 (br s, 1H), 1.41 (s, 9H); 13 C NMR (100 MHz, CDCl3) ppm 155.2, 146.9, 145.9, 144.8, 139.1, 132.2, 130.8, 130.7, 130.2, 126.3, 123.3, 115.3, 81.2, 49.8, 28.4 ; HRMS (ESI): Exact mass calcd for C17H19BrN5O2 [M+H] + 404.0722, found 404.0720. 13 C NMR (100 MHz, CDCl3) ppm 155.2, 147.5, 145.9, 144.7, 139.0, 133.8, 130.1, 129.9, 127.6, 115.3, 80.8, 50.5, 28.4, 21.3 
tert-Butyl
